) were invited to participate in the study via the Food4Me website (http://www.food4me.org). Two screening questionnaires were used to collect data on sociodemographic, anthropometric and health-related characteristics as well as dietary intakes. Results A total of 5662 individuals expressed an interest in the study (mean age 40 ± 12.7; range 15-87 years). Of these, 65 % were female and 97 % were Caucasian. Overall, 13 % were smokers and 47 % reported the presence of a clinically diagnosed disease. Furthermore, 47 % were overweight or obese and 35 % were sedentary during leisure time. Assessment of dietary intakes showed that 54 % of individuals
Introduction
Non-communicable diseases (NCD) are the leading cause of death and are responsible for 36 million global deaths annually [1] . With modifiable risk factors estimated to account for over 80 % of premature deaths from CVD and cerebrovascular disease [2] , lifestyle-based interventions, including diet and physical activity, have been identified as an effective strategy for minimising the burden of NCD [3] . However, realising this potential will require the development, testing and implementation of much more effective behaviour change interventions than are used conventionally [4] [5] [6] . To achieve such changes, interventions will need to move from a conventional "one size fits all" approach to more predictive, personalised, preventive and participatory interventions [7] . The concept of personalised nutrition (PN) has been developed based on emerging understanding of the interactions between diet, phenotype and genes on health [8] . In contrast to conventional "one size fits all" approaches to dietary intervention, PN aims to provide advice on an individual (or group) basis that is tailored to specific needs based on knowledge of current diet and phenotypic and/or genotypic information. However, public acceptability will be a key prerequisite for the successful implementation of PN [9] . A survey of 6000 individuals across eight European countries found that 27 % of individuals were willing to undertake genetic testing for the purpose of PN [10] . The internet offers substantial opportunities for cost-effective implementation of PN intervention strategies with the potential for scalability and reach [6] . With an estimated 85 % of the European population now using the internet [11] , knowledge of the characteristics of individuals who would be interested in receiving PN advice via the internet would be valuable for planning future lifestyle-based interventions aiming to reduce health inequalities and to improve overall public health.
The Food4Me proof of principle (PoP) study is an internet-based randomised controlled trial (RCT) conducted across seven European countries designed to compare the effects of different levels of PN on dietary behaviour and other health-related outcomes [12] . The present paper describes the characteristics of individuals interested in internet-based PN advice who were screened for inclusion in the Food4Me PoP study.
Materials and methods
The present paper outlines responses to the screening questionnaires provided by individuals who indicated an interest in participating in the Food4Me PoP RCT. The protocol for the Food4Me PoP study has been published elsewhere [12] .
Participant recruitment
Recruitment was conducted between August 2012 and August 2013 across seven European countries, via the internet, to emulate an internet-based PN service. Participants indicated their interest in joining the study by voluntarily registering their details on the Food4Me website (http://www.food4me.org/), which was set up for the purposes of the study (see Online Resource 1, Figure S1 ). The Food4Me PoP recruitment sites were as follows: University College Dublin (Ireland); Maastricht University (the Netherlands); University of Navarra (Spain); Harokopio University (Greece); University of Reading (United Kingdom; UK); National Food and Nutrition Institute (Poland); and Technical University of Munich (Germany). Local and national advertising of the study via the internet, radio, posters, e-flyers, social media and word of mouth were used to aid recruitment (see Online Resource 1, Figure S2 ).
Screening questionnaires
Once participants registered their details on the Food4Me website and consented to take part in the study, they were assigned a unique username and password and asked to complete two online screening questionnaires.
First screening questionnaire
The first screening questionnaire contained nine items on one screen. Individuals were asked to provide their age and sex, as well as information on internet access, pregnancy, food intolerances and allergies, since these data were used as exclusion criteria for the later RCT.
Second screening questionnaire
Participants eligible for inclusion in the RCT completed a second online questionnaire. The primary purpose of this questionnaire was to collect detailed socio-demographic, health-related, anthropometric and dietary data. Following completion of this questionnaire, participants were asked to complete a screening food frequency questionnaire (FFQ) to estimate habitual dietary intake. The online Food4Me FFQ included 157 food items consumed frequently in each of the seven recruitment countries, and intakes of foods and nutrients were computed in real time using a food composition database. The FFQ and food composition database were developed and validated specifically for the Food4Me PoP study [13, 14] . In the present analysis, dietary intakes of foods and food groups were assessed against six dietary recommendations: eat at least 5 portions of fruit and vegetables every day; eat at least 3 portions of wholegrain products every day; eat at least 1 portion of oily fish per week; eat <3 portions of red meat and processed meat per week; consume <5.75 g/day of salt and consume <10 % energy from sugars.
Anthropometric measurements and physical activity
Body weight and height were self-measured and selfreported by participants via the internet following the provision of detailed, standardised online instructions. Occupational and non-occupational physical activity were self-reported via the internet prior to completion of the FFQ. Participants were asked to categorise their occupational physical activity as light (e.g. administrative and managerial), moderate (e.g. sales worker) or heavy (e.g. equipment operator) and their non-occupational physical activity as sedentary (little walking/cycling/exercise), moderately active (intense exercise lasting 20-45 min at least twice per week) or very active (intense exercise lasting at least an hour per day).
Ethical approval and participant consent
The research ethics committees at each university or research centre delivering the intervention granted ethical approval for the study. The Food4Me trial was registered as a RCT (NCT01530139) at Clinicaltrials.gov. All participants who expressed an interest in the study were asked to sign online consent forms at two stages in the screening process: prior to submitting any details and prior to the screening FFQ. These consent forms were automatically directed to the local study investigators to be countersigned and archived. All ethical committees accepted an online informed consent procedure, except for The Netherlands and Germany whose ethics committees requested an additional written informed consent form for participants who registered to participate in the study. In the latter countries, hard copy consent forms were sent by post to the respective recruitment centres. Personal information from respondents was stored on a secure, password-protected server.
Statistical analysis
Data were analysed using Stata (version 13; StataCorp., College Station, TX, USA). Results from descriptive analyses are presented as means and SD for continuous variables or as percentages for categorical variables. Chi-squared tests and multinomial regression analyses were used to test for significant differences across categorical variables. For multinomial comparisons across countries, the overall average was used as the reference group. ANOVA and FisherHayter pairwise comparisons were used for continuous variables. Results were deemed significant at P < 0.05.
Results

Participant characteristics at first screening
A total of 5562 individuals registered their name and contact details on the Food4Me website (http://www.food4me.org/), and a total of 5442 individuals completed the first screening questionnaire (Tables 1 and 2 ). The completion rate for this questionnaire was 89 % with 120 Dutch participants choosing to not proceed to the first screening questionnaire. Of the individuals who consented to participate in the study, 65 % were female and 64 % were below 45 years of age.
A total of 1631 individuals were ineligible for the subsequent RCT based on the first screening questionnaire. This was due mainly to having a food allergy or intolerance and/or not completing the second screening questionnaire (Fig. 1) . Reported food allergies and intolerances were more common among females than males (Table 1) . Intercountry differences for the prevalence of therapeutic diets, food allergies and intolerances are presented in Table 2 . The most common means of recruitment to the study were through magazines and newspaper articles, followed by word of mouth, but this varied by country and age group. Social media were responsible for recruiting more than three times as many individuals under, than over, the age of 45 years (Table 1) . Table 2 Characteristics of individuals by country; data obtained from the first screening questionnaire
Multinomial regression analyses were used to test for significant differences across categorical variables. For multinomial comparisons across countries, the overall average was used as the reference group. ANOVA and Fisher-Hayter pairwise comparisons were used for continuous variables. Results were deemed significant at * P < 0.05, ** P < 0.01 and *** P < 0. 
Participant characteristics at second screening
Characteristics of the 3811 subjects who completed the second screening questionnaire are summarised in Tables 3  and 4 . The completion rate for this questionnaire was 69 % with 1751 individuals choosing to not proceed to the second screening questionnaire. The profile of these participants was similar to that of the whole cohort who expressed an initial interest in the Food4Me study: 62 % were female and 63 % were younger than 45 years of age. The percentage of females at this screening stage was more comparable across countries (range 57-74 %) than at the initial screening (range 49-77 %). We observed that 97 % of the participants were Caucasian. 
Obesity prevalence and reported health status
Nearly half (47 %) of participants were classified as overweight or obese, but this proportion varied considerably by sex, age and country (Tables 3 and 4) . As summarised in Tables 3 and 4 , nearly half (45 %) of individuals reported that they were on medication: 33 % on prescribed and 12 % on non-prescribed medication. Multinomial regression analyses were used to test for significant differences across categorical variables. For multinomial comparisons across countries, the overall average was used as the reference group. ANOVA and Fisher-Hayter pairwise comparisons were used for continuous variables. Results were deemed significant at * P < 0.05, ** P < 0.01 and *** P < 0. Table S1 ). Prescribed medication use was higher in Germany (39 %) and The Netherlands (47 %) and lower in Spain (28 %), compared with overall, whereas non-prescribed medication use was higher in Poland (18 %) and Germany (16 %), compared with overall (see Online Resource 1 Table S2 ). In addition, 47 % of individuals indicated that they were suffering from one or more clinically diagnosed diseases. Overall, 20 % of individuals reported having an allergy, with the highest prevalence in Spain (27 %) and lowest in Ireland (13 %). Furthermore, 9 % of individuals reported high blood pressure which was more common in males than in females (13 vs. 7 %), and among individuals over, than under, the age of 45 years (19 vs. 4 %; see Online Resource 1 Table  S1 ). The prevalence of type I or type II diabetes was only 1 %, but was higher in individuals over, than under, the age of 45 years (2 vs. 0.4 %). On average, 13 % of individuals were current smokers, and smoking prevalence was more than five times higher in Greece than in the UK (see Online Resource 1 Table S1 ).
Reasons for interest in the Food4Me PoP study
Nearly three quarters of the individuals (75.4 %) indicated an interest in the Food4Me study because they were interested in PN, while 81 % were interested in learning about what foods were best for them (Table 4) . These results varied little by sex but slightly more individuals under, than over, the age of 45 years were interested in PN (Table 3) . Just over half of individuals (51 %) indicated that their reason for registering with the study was due to a desire to lose (49 %) or, much less commonly, gain (2 %) weight. When asked whether their interest was due to concerns for their health and well-being, up to 88 % of the participants selected this option ( Table 4 ). The proportion of individuals interested in health and well-being did not vary much by sex, but was slightly higher in individuals over, than under, the age of 45 years (Table 3) .
Dietary intake and physical activity characteristics
A total of 2764 individuals provided complete data on dietary intake and physical activity at screening. The completion rate for this questionnaire was 77 %, with 811 individuals choosing not to complete the screening FFQ after providing a second consent. Comparisons of screenees' dietary intakes with current dietary recommendations in Europe that were used in this study are presented in the Online Resource 1 Table S3 , Figure S3 -S6. As summarised in Fig. 2 , 54 % of individuals reported consuming at least five portions per day and the mean intake of the cohort (651 g, SD 489) was greater than the WHO/FAO recommended minimum of 400 g per day [15] . Just under half of participants (46 %) consumed at least three portions of wholegrains per day. A third of participants (36 %) consumed more than one portion of oily fish per week. Twothirds (66 %) of individuals consumed less than three portions (450 g) of red or processed meat weekly. Furthermore, Based on draft Scientific Advisory Committee for Nutrition (SACN) recommendations [27] only 37 % of individuals consumed <5.75 g of salt per day (mean 7.56 g, SD 4.88). Overall, only 2 % of participants consumed <10 % energy from sugars (Fig. 2) . Nearly three quarters (73 %) of individuals reported being in light/sedentary occupations, whereas only 35 % of individuals were sedentary during leisure time (Tables 3 and 4) .
Discussion
Main findings
The present paper characterised the 5562 individuals who registered interest in participating in the Food4Me PoP PN intervention. Our main findings are that the European individuals interested in participating in an internet-based PN study were not restricted to one specific group of individuals. Potential volunteers in the Food4Me PoP study were broadly representative of the European adult population, most of whom had adequate nutrient intakes but could benefit from improved dietary choices and more physical activity to reduce their risk of common NCD [16] .
Comparison with other studies
The Food4Me PoP study is the first pan-European internetbased PN intervention study to collect detailed characteristics of individuals who would be interested in using such a service. However, a recent study across six European countries indicated that individuals over 65 years of age would be more interested in undertaking a genetic test for the purpose of PN than adults aged 25-34 years (55 vs. 29 %) [10] . Our findings identified that interest in PN was a strong motivator for participating in the study and that this was comparable across ages, sexes and countries. Stewart-Knox et al. [10] found that slightly more (2 %) females than males would be interested in having a genetic test done for the purposes of PN. Our findings confirm these results and suggest that females are more interested in participating in nutrition interventions [17] , including those delivered via the internet [18] . Furthermore, we observed that females were more likely than men to be interested in participating in this study because of a desire to lose weight.
The percentage of overweight adults in different European countries ranges between 30 and 70 % [19] , and the prevalence of obesity in Europe is between 4 and 37 %, with higher prevalence in Central, Eastern and Southern Europe than in Western and Northern Europe [20] . Recent estimates from the Organisation for Economic Co-operation and Development suggest that the average prevalence of obesity among EU adults is 17 % [21] , which is similar to the prevalence of obesity in individuals who registered to participate in the present study (16 %) .
There is strong evidence in support of an inverse relationship between physical activity and CVD risk [22] . Despite this, according to the WHO, 69 % of European adults fail to achieve at least half an hour of moderate-intensity physical activity on most days of the week [23] . Our data confirm these trends in the work place, with only 27 % of individuals being moderately active at work, but suggest that during leisure time, 65 % of individuals undertake intense exercise lasting at least 20-45 min at least twice per week.
Our results suggest that less than half of screenees adhered to most of the major European food-based dietary recommendations. This is consistent with the most recently available EU-wide data, which show that mean intakes of fruit and vegetables in Germany (371 g/day), Ireland (355 g/day), The Netherlands (359 g/day) and the UK (343 g/day) [24] are less than the recommended 400 g/day (equivalent to 5 portions). Although we found that mean fruit and vegetable intake was >400 g, it should be noted that these estimates of fruit and vegetable intakes were obtained using a 157-item FFQ [14] , and there is evidence that FFQs may overestimate dietary intakes [25] , especially when they include larger numbers of food items [26] . Importantly, the FFQ used in the present study was validated against a four-day weighed record [13, 14] . Recent country-specific Nutrition, Physical Activity and Obesity reports by the WHO suggest that, with the exception of Greece (data unavailable), mean salt intake is in excess of 5.75 g per day across all six countries that provided participants for the present study [16] . These data are in line with our findings, where reported mean salt intakes ranged between 6 g in Greece and 8.3 g in The Netherlands. The current UK and WHO draft recommendations to limit sugars intake to <10 % energy [27, 28] were met by very few of our participants, and only one individual out of the 5562 screenees would meet the recent proposal to limit sugars intake to <5 % energy. In addition, the reported mean percentage energy from sugars in our study (21 %) is comparable with the recent estimate of 19 % for the UK from the National Diet and Nutrition Survey [29] . Overall, our observations suggest that the dietary inadequacies of the individuals interested in PN in the present study are comparable with those of the wider European population.
Individuals with ill-heath, or with a food allergy or intolerance, may benefit from PN [10] . We found that 12 % of the screenees declared a food allergy or intolerance. This prevalence is comparable with a recent finding that, among European adults, 12 % self-reported the presence of a food allergy (cow's milk, egg, wheat, soy, peanut, tree nuts, fish and shellfish) [30] . Furthermore, a large proportion of our participants reported being on medication (45 %) or suffering from a disease (47 %). These results are in line with data from Stewart-Knox et al. [10] , which showed that interest in having a genetic test performed for the purposes of PN is higher in individuals with central obesity (38 %) and high blood pressure (38 %) than individuals with no signs of the metabolic syndrome (22 %). These findings confirm that those interested in PN include those for whom an effective dietary and/or physical activity intervention is likely to improve their health.
Strengths and limitations
The Food4Me PoP study data were collected from a relatively large number of European adults, with a wide age range, who demonstrated their interest in PN by registering to join the Food4Me PoP study. The two-stage consenting process enabled the capture of data on individuals who were interested in a PN service but were not necessarily eligible to be included in the subsequent RCT. These characteristics included information on demographics, adiposity, habitual physical activity, disease status, prevalence of food allergies and intolerances and dietary intake. A potential limitation of the study is that our data were obtained by self-report via the internet, which may have introduced measurement error. However, there is no reason to believe that such data are more likely to be mis-reported than data collected by conventional face-toface interview or by paper-based questionnaires [31] . The validity of internet-based, self-reported anthropometric data is high [32] , and this been confirmed in the present study [34] .
Implications for health professionals
Improving diet and lifestyle behaviours is a key element in national and international strategies for reducing the risk of NCDs and improving overall health across the lifespan. However, realising this potential will require the development, testing and implementation of much more predictive, personalised, preventive and participatory interventions to achieve effective behavioural changes. Moreover, using the internet as a delivery method is likely to be an important route to scalable and sustainable interventions [6] . Characterising those individuals who are interested in PN and its delivery via the internet will be valuable information for the future design and implementation of PN interventions aiming to improve health and to reduce health inequalities. The present results suggest that those who registered to participate in this internet-based PN study were broadly representative of the European adult population in terms of demographic, anthropometric and health-related characteristics. Our findings provide strong evidence for the use of internet-based PN for engaging individuals who would benefit from improved lifestyle behaviours and a reduction in risk of obesity and NCDs.
